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(54) Method and apparatus for profile mirror surface grinding 



(57) (A) Applying a voltage between an electrically 
conductive grindstone (1) and a shaping electrode (4) 
for shaping the grindstone, generating a spark on a con- 
tact point by contacting the shaping electrode to the 
grindstone, thereby shaping the grindstone by the 
spark, and (B) simultaneously applying a voltage be- 
tween the grindstone and a dressing electrode (2) for 



dressing the grindstone that is oppositely aligned to the 
grindstone without contact, supplying the electrically 
conductive grinding fluid between them, thereby dress- 
ing the grindstone by electrolytic dressing. According to 
these steps, high efficient and simultaneous processing 
is achieved to provide high precise profiling high quality 
mirror. 
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Description 

BACKGROUND OF THE INVENTION 
Technical Field of the Invention 

[0001] The present invention relates to a method and 
an apparatus for profile mirror surface grinding simulta- 
neously capable of highly precise profiling process and 
high quality mirror surface grinding of an ultra-hard ma- 
terial in a high efficiency. 

Description of the Related Art 

[0002] A stamping tool with complicated and high pre- 
cision is essentially required for manufacturing some 
parts, for example a lead frame of a semiconductor in 
which an integrated circuit is installed, with similar com- 
plicated and high precision. Such stamping tool should 
be made by profile grinding of an ultra-hard material. 
Thus, profile grinding processes are required to carry 
out to make not only highly precise profiling , but also 
high efficient grinding for mirrorto produce a high quality 
surface that determines a performance (sharpness, life, 
etc.) as a stamping tool. However, in conventional grind- 
ing art, it is difficult to realize both of shaping of high 
preciseness and mirror surface grinding of high quality 
simultaneously in high efficiency. 
[0003] So far, a metal bond grindstone with high hold- 
ing strength has been used for complicated profile grind- 
ing process. In such process, shaping can be done in 
high preciseness, although grinding cannot be done to 
produce high quality mirror. Therefore, profile grinding 
processes should be done separately each other. On 
the other hand, a thin, sharp grindstone to shape a 
stamping tool with a pattern of such narrow width as a 
lead frame should be shaped in consideration of change 
of preciseness caused by deforming of the grindstone. 
Therefore, the mechanical truing is very difficult to apply. 
[0004] In other words, the followings are problems in 
the background of separate processes of profile mirror 
surface grinding in conventional art: (1) the shape of a 
grindstone used for complicated profiling process does 
not allow shaping in high preciseness again after wear- 
out , because the tip (processing part) of the grindstone 
is sharply pointed to be easily blunted by wear-out ; (2) 
reshaping after wear-out of the tip part does not maintain 
the sharpness of the grindstone in profiling process be- 
cause difficulty of dressing of the grindstone. 
[0005] On the other hand, electrolytic in-process 
dressing grinding method (hereafter, ELID grinding 
method) as a grinding means to realize high efficient, 
ultra-precise mirror surface grinding impossible by con- 
ventional shaping art has been developed and pub- 
lished by the present applicants. In the ELID grinding 
method, electrically conductive bonding part of a metal 
bond grindstone is dissolved by electrolytic dressing. An 
efficient mirror surface grinding for an ultra-hard mate- 



rial is possible by the grinding method using a metal 
bond grindstone containing fine grains. Particularly, it is 
very valuable that the ELID grinding process with dress- 
ing means for the metal bond grindstone allows high ef- 
5 ficient and ultra-precise processing. 

[0006] However, a thin grindstone having sharp- 
shaped tip is required for profiling process of the stamp- 
ing tool particularly for such narrow width pattern as the 
lead frame. Therefore, although applying the ELID 
10 grinding method allows high efficient and ultra-precisely 
processed mirror , the following problem occurs: keep- 
ing the shape of tip is very difficult and high precise 
shaping is also difficult, because sharply pointed tip 
(processed part) of the grindstone is intensively subject- 
15 ed to electrolytic dressing. 

[0007] Therefore, it is desired to add shaping function 
of the metal bond grindstone to the ELID grinding proc- 
ess for realizing both of high precise shaping and high 
quality grinding in high efficiency. 

20 

SUMMARY OF THE INVENTION 

[0008] The present invention has been created to sat- 
isfy such request. The purpose of the invention is to pro- 
25 vide a method and an apparatus for profile mirror sur- 
face grinding allowing high efficient and simultaneous 
processing of high precise shaping and high quality mir- 
ror surface grinding. 

[0009] The method for profile mirror surface grinding 
30 provided by the present invention is characterized by: 
(A) Applying a voltage between an electrically conduc- 
tive grindstone (1 ) and a shaping electrode (4) for shap- 
ing the grindstone, generating a spark on a contact point 
by contacting the shaping electrode to the grindstone, 
35 thereby shaping the grindstone by the spark, and (B) 
simultaneously applying a voltage between the grind- 
stone and a dressing electrode (2) for dressing the 
grindstone that is oppositely aligned to the grindstone 
without contact, supplying the conductive grinding fluid 
40 between them, thereby dressing the grindstone by elec- 
trolytic dressing. 

[001 0] According to the method, the conductive grind- 
stone can be subjected to high precision profiling proc- 
ess to produce a desired shape by shaping the grind- 

45 stone with spark generated in the contact point of the 
grindstone and the shaping electrode (hereafter, this 
process is called as "spark truing"). In addition, accord- 
ing to the method, the shaped grindstone can be 
dressed by a voltage that is applied between the grind- 

50 stone and the dressing electrode oppositely aligned to 
conductive grindstone without contact, an conductive 
grinding fluid is supplied between them and the conduc- 
tive grindstone is subjected to electrolytic dressing to 
dress the grindstone, and finally high efficient, high qual- 

55 jty mirror surface grinding become possible. 

[0011] The present invention provides an apparatus 
for profile mirror surface grinding comprising; a voltage 
applying means (9) having an conductive grindstone (1 ) 
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rotated around its axis and used as a positive electrode, 
a dressing electrode (2) for dressing as a negative elec- 
trode that is oppositely fixed to the surface of the grind- 
stone without contact, and a disc-like shaping electrode 
(4) for shaping as a negative electrode that is rotated 
around its axis and that is contacted to the surface of 
the grindstone, a supplying means (10, 11, and 12) for 
supplying an conductive grinding fluid in a space be- 
tween the grindstone and the dressing electrode and the 
shaping electrode, a moving means (20) for moving the 
disc-like shaping electrode along with the surface of the 
grindstone, and an actuating means (24) for relatively 
moving the grindstone to an object (22) to be processed; 
thereby profile grinding the object and dressing the 
grindstone simultaneously. 

[0012] The present invention has achieved grinding 
processing of a complex and ultra-precise stamping tool 
used for manufacturing a lead frame for a semiconduc- 
tor chip. It is because shaping of a grindstone allows 
reducing a load in shaping that may caused by a me- 
chanical shaping. In addition it is because the metal 
bond grindstone containing fine grains is dressed by the 
ELID grinding method so as to allow simultaneous 
processing of profile mirror surface grinding effectively. 
[0013] Further, according to the present invention, 
shaping and dressing of a grindstone can be separately 
and simultaneously carried out to allow high efficient 
setting and dressing of a grindstone with a given shape. 
On the other hand, sharpness of the grindstone is 
steady maintained by an effect of the ELID grinding and 
the shape of the grindstone can be maintained, if nec- 
essary, in operation of shaping of the grindstone; and 
therefore, it becomes possible to reduce steps of grind- 
ing for shaping and to shorten time for scheduling. 
[0014] According to preferred embodiment of the 
present invention, the conductive grindstone (1) is con- 
sisted of grains made of diamonds or CBN and a con- 
ductive bonding part to fix the grains. This composition 
allows the spark truing and the ELI D grinding to remove 
effectively the conductive bonding part , and shaping 
and dressing of the grindstone. 

[001 5] The disc-like electrode (4) comprises a central 
conductive part and a surrounding semi-conductive 
part. By this constitution, electric conductivity (electric 
resistance) of semi-conductive part can be set to a value 
appropriate to spark truing. 

[0016] Besides, the semi-conductive part of disc-like 
electrode for shaping is preferably contains diamond 
grains. By this constitution, the combination of sparktru- 
ing and diamond grains can be applied to grinding. 
[0017] Other purposes and benefit characteristics of 
the present invention will be presented in the following 
description with reference to drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 8] Fig. 1 is a front view of the apparatus for profile 
mirror surface grinding of the present invention. 



[0019] Fig. 2 is a diagrammatic view of the main part 
of the Fig. 1 . 

[0020] Fig. 3 is a fragmentary view taken in the direc- 
tion of the arrows substantially along the line A-A. 
5 [0021] Fig. 4 is an explanatory figure showing an em- 
bodiment of the present invention. 
[0022] Fig. 5 is a test result of an embodiment of the 
present invention. 

[0023] Fig. 6 is another explanatory figure showing an 
embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0024] Herewith, the preferred embodiment of the in- 
vention will be described with reference to the drawings. 
The same symbol is given to a common part in respec- 
tive figures to omit a duplicate description. 
[0025] Fig. 1 is a front view of the apparatus for profile 
mirror surface grinding of the present invention. As 
shown in this figure, the apparatus for profile mirror sur- 
face grinding of the present invention has a voltage ap- 
plying means 9 in which a conductive grindstone 1 is 
rotated around its axis and is used as a positive elec- 
trode, a dressing electrode 2 oppositely fixed to the sur- 
face of the grindstone without contact as a negative 
electrode, a disc-like shaping electrode 4 for shaping as 
a negative electrode, that is rotated around its axis sep- 
arately from the conductive grindstone 1, and that is 
contacted to the surface of the conductive grindstone 1 , 
a supplying means 10, 11, and 1 2 to supply an conduc- 
tive grinding fluid in a space between the grindstone 1 
and the dressing electrode 2 and the disc-like shaping 
electrode 4, a moving means 20 to move the disc-like 
shaping electrode 4 along with the surface of the con- 
ductive grindstone 1 , and an actuating means 24 to rel- 
atively move the grindstone 1 to an object 22 to be proc- 
essed. 

[0026] Specifically, in the Fig. 1 , a dressing electrode 
2 is installed near an conductive grindstone 1 of the ap- 
paratus for profile mirror surface grinding in opposite 
aligning without contact. On the other hand, a disc-like 
shaping electrode 4 is installed in a stand 3 for installing 
an object for processing via a driving means 5. The disc- 
like shaping electrode 4 is rotated around its axis sepa- 
rately from the conductive grindstone 1 . In addition, the 
dressing electrode 2 and the disc-like shaping electrode 
4 are installed in the main body of the apparatus to have 
an insulate material 6 such as a plastic board between 
them in order to insulate electrically from the main body 
of the apparatus. 

[0027] Fig. 2 is a diagrammatic view of the main part 
of the Fig. 1 and Fig. 3 is a fragmentary view taken in 
the direction of the arrows substantially along the line 
A-A. As shown in the Fig. 2 and Fig. 3, the object 22 to 
be processed and a thin board 22 for transcribing the 
shape of the conductive grindstone 1 are installed in the 
stand 3 for installing an object for processing. In addi- 
tion, as shown in the Fig. 2, a voltage derived from an 
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power source apparatus 9 as a voltage applying means 
is applied to make the conductive grindstone 1 as a pos- 
itive electrode and the disc-like shaping electrode 4 and 
the dressing electrode 2 as negative electrodes. Fur- 
thermore, a supplying apparatus 10 supplying the con- 
ductive grinding fluid, nozzles 11 and 12, and a tubing 
system 1 1 a and 1 2a passing between them are installed 
for the conductive grinding fluid as a supplying means 
to supply the conductive grinding fluid to a space be- 
tween the grindstone 1 and the dressing electrode 2 and 
a contact point of the grindstone 1 to the disc-like elec- 
trode 4 and a contact point of the grindstone 1 to the 
object for processing in order to supply the conductive 
grinding fluid through them. 

[0028] On the other hand, a projector 8 has been in- 
stalled in the top of the apparatus to display an image 
taken on a screen. Comparative position of the conduc- 
tive grindstone 1 , the object 22 to be processed, and the 
disc-like shaping electrode 4 are any time monitored by 
the projector 8. The shape of the grindstone 1 is known 
by contacting the grindstone 1 to the thin board 21 at- 
tached to the stand 3 for installing an object and by tran- 
scribing the shape of the grindstone 1 to the thin board 

21 , in addition to direct monitoring using the projector 8. 
[0029] The present invention has an actuating means 
24 such as X-Y table by NC capable of moving sepa- 
rately and simultaneously the grindstone 1 to the frontal 
and back direction 16 and left-hand and right-hand di- 
rection 17 of the Fig. 3 according to the designation of 
a control unit 7 to allow controlling freely the compara- 
tive position of the conductive grindstone 1 , the object 

22, and the disc-like shaping electrode 4 in two dimen- 
sion. 

[0030] According to the constitution of the apparatus 
for profile mirror surface grinding, as shown in the Fig. 
3, the disc-like shaping electrode 4 is comparatively 
moved according to the surface of the grindstone 1 and 
the given shape of the grindstone by moving separately 
and simultaneously the conductive grindstone 1 to the 
frontal and back direction 16 and left-hand and right- 
hand direction 17 on the basis of contacting the grind- 
stone 1 to the disc-like electrode 4, supplying the con- 
ductive grinding fluid to the contact point of the conduc- 
tive grindstone 1 and the disc-like shaping electrode 4 , 
and generating a spark. Therefore, the present shaping 
means of a grindstone can be operated independently 
and simultaneously with the dressing means of a grind- 
stone by the ELID grinding method and the shaping of 
shape and dressing of a grindstone can be operated in 
high efficiency. 

[0031] According to the present invention, a grind- 
stone is dressed by using the apparatus for profile mirror 
surface grinding, applying a voltage between the con- 
ductive grindstone 1 and the shaping electrode 4, con- 
tacting the conductive grindstone 1 to the shaping elec- 
trode 4, shaping the conductive grindstone 1 by gener- 
ating a spark on the contact point, and simultaneously, 
applying a voltage between the conductive grindstone 



1 and the dressing electrode 2 opposite to the grind- 
stone without contact, supplying the conductive grinding 
fluid between them, and subjecting the conductive 
grindstone to electrolytic dressing. 

s [0032] In other words, the conductive grindstone 1 is 
moved along with the desired shape of the object 22 to 
be processed, monitoring comparative position of the 
conductive grindstone 1 and the object to be processed 
by the projector 8, by the actuating means 24 capable 

10 of moving separately and simultaneously the conductive 
grindstone 1 to the frontal and back direction 1 6 and left- 
hand and right-hand direction 17. The shaping means 
of the object to be processed can be operated simulta- 
neously and separately from a means by the ELI D grind- 

15 jng method, and is simultaneously applied to profiling 
process and mirror surface grinding of the object to be 
processed. 

[0033] According to aforementioned method, the con- 
ductive grindstone 1 can be subjected to profiling proc- 
20 ess to produce a desired shape in a high preciseness 
by contacting the conductive grindstone 1 to the shaping 
electrode 4 and generating a spark on the contact point 
to shape the conductive grindstone 1 (sparktruing). Fur- 
ther, according to aforementioned method, the conduc- 
es tive grindstone 1 can be dressed by the ELID grinding 
between the conductive grindstone 1 and the dressing 
electrode 2 opposite to the grindstone without contact, 
and high quality mirror surface grinding can be highly 
efficiently operated. 
30 [0034] Besides, an apparatus for profile mirror sur- 
face grinding of the constitution can achieve grinding 
processing of a complex and ultra-precise stamping tool 
that is used for manufacturing a lead frame for a semi- 
conductor chip. It is because shaping of a grindstone 
55 allows reducing a load in shaping that may caused by a 
mechanical shaping. In addition it is because the metal 
bond grindstone containing fine grains is dressed by the 
ELID grinding method so as to allow simultaneous 
processing of profile mirror surface grinding effectively. 
40 [0035] Further, according to the present invention, 
shaping and dressing of a grindstone can be separately 
and simultaneously carried out to allow high efficient 
setting and dressing of a grindstone with a given shape. 
On the other hand, sharpness of the grindstone is 
45 steady maintained by an effect of the ELI D grinding and 
the shape of the grindstone can be maintained, if nec- 
essary, in operation of shaping of the grindstone; and 
therefore, it becomes possible to reduce steps of grind- 
ing for shaping and to shorten time for scheduling. 
so [0036] It is preferable that a conductive grindstone (1 ) 
is consisted of grains made of diamonds or CBN and a 
conductive bonding part to fix the grains. This composi- 
tion allows the sparktruing and the ELID grinding to re- 
move effectively the conductive bonding part , and 
55 shaping and dressing of the grindstone. 

[0037] It is preferable that a disc-like electrode 4 com- 
prises a conductive part and a semi-conductive part. By 
this constitution, electric conductivity (electric resist- 
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ance) of semi -conductive part can be set to a value ap- 
propriate to spark truing. 

[0038] Besides, a semi-conductive part of disc-like 
shaping electrode 4 is preferably contains diamond 
grains. By this constitution, the combination of sparktru- 
ing and diamond grains can be applied to grinding. 

Embodiments 

[0039] Next, the present invention will be described in 
accordance with embodiments. 

[0040] In the first place, spark truing tried by the 
means, that is shown in Fig. 4 (A), produced the same 
stock removal as that of depth of cut for very short time. 
In contrast, a conventional WA grindstone (so-called 
white alundum grindstone containing a main component 
of grains made of y aluminum oxide) as a truing grind- 
stone produced almost no stock removal in comparison 
with that of depth of cut. Fig. 3 shows a relationship be- 
tween depth of cut and reduction in radius. From these 
results, the conventional WA grindstone is difficult for 
mechanical truing of very hard grindstone such as metal 
bond grindstone made of cast iron used for the ELID 
grinding and inefficient. 

[0041] Next, spark truing of one-side V grindstone 
(conductive grindstone 1 ) was carried out by the means 
shown in Fig. 4 (B). The condition of spark truing was 
applied voltage 110 V, maximum current 10 A, pulse 
width in both ON and OFF 2 u.sec. For optimal spark 
truing, a disc-like electrode (4) for shaping was com- 
posed of a conductive part and semi-conductive part 
and electric conductivity (electric resistance) of the 
semi-conductive part was adjusted to a value suitable 
for spark truing. As the result, the roughness of the 
grindstone before truing was about 1 00 uin in the stand- 
ard surface and about 40 ujti in inclined surface (15°), 
and after 3 hours, reduced to 5 um 
[0042] A tapered part of the object for processing 
shown in Fig. 6 was ground by the ELID grinding using 
the one-side V grindstone (conductive grindstone 1) in 
combination of spark truing and measured the rough- 
ness of a surface. This object for processing was ultra- 
hard alloy (V1 0 according to JIS), and the roughness of 
a surface before grinding was 1 .31 ujmRy. The condition 
of the ELID grinding was applied voltage 30 V, maximum 
current 2 A, pulse width in ON 2 u.sec/OFF 4 usee. 
[0043] As the result, the roughness of a surface after 
finishing produced 0.069 ujnRa and 0.24 |amRy; very 
good surface quality was achieved in comparison with 
the conventional profile-grinding surface. 
[0044] According to the present invention, when the 
conductive grindstone was electrically, independently, 
and simultaneously dressed and shaped, shape and 
sharpness of the grindstone can be maintained in the 
high efficient shaping and grinding conditions, and also 
high efficient mirror and profiling process, that was so 
far difficult, of the object, such as a punch for lead frame 
having a complex shape become possible. According to 



the present invention, high precise profiling process has 
become possible, and as a result, the punch used for 
lead frame having high processing preciseness accom- 
plishes high precise lead frame. In the case of the punch 
5 for lead frame, a surface subjected to mirror allows im- 
proving a performance (sharpness, life, etc.) than the 
past. 

[0045] This means that a method and an apparatus 
for profile mirror surface grinding have an excellent ef- 
10 feet capable of highly efficiently and simultaneously op- 
erate high precise profiling process and high quality mir- 
ror surface grinding. 

[0046] Although the preferred embodiment of the in- 
vention has been described, the embodiment is to be 
15 considered in all respects as illustrative and not restric- 
tive. In other words, the extent of the present invention 
includes all improvement, amendment, and equal things 
included in the range of the claims attached herewith. 



Claims 

1 . A method for profile mirror surface grinding charac- 
terized by; 

25 

(A) applying a voltage between a conductive 
grindstone (1) and a shaping electrode (4) for 
shaping the grindstone, generating a spark on 
a contact point by contacting the shaping elec- 

30 trode to the grindstone, thereby shaping the 

grindstone by the spark, and 

(B) simultaneously applying a voltage between 
the grindstone and a dressing electrode (2) for 
dressing the grindstone that is oppositely 

55 aligned to the grindstone without contact, sup- 

plying the electrically conductive grinding fluid 
between them, thereby dressing the grindstone 
by electrolytic dressing. 

40 2. An apparatus for profile mirror surface grinding 
comprising; a voltage applying means (9) having an 
electrically conductive grindstone (1) rotated 
around its axis and used as a positive electrode, a 
dressing electrode (2) for dressing as a negative 
45 electrode that is oppositely fixed to the surface of 
the grindstone without contact, and a disc-like shap- 
ing electrode (4) for shaping as a negative electrode 
that is rotated around its axis and that is contacted 
to the surface of the grindstone, 

50 

a supplying means (10, 11 , and 12) for supply- 
ing an electrically conductive grinding fluid in a 
space between the grindstone and the dressing 
electrode and the shaping electrode, 
55 a moving means (20) for moving the disc-like 

shaping electrode along with the surface of the 
grindstone, and 

an actuating means (24) for relatively moving 
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the grindstone to an object (22) to be proc- 
essed; thereby shaping and grinding the object 
and dressing the grindstone simultaneously. 

3. An apparatus for profile mirror surface grinding ac- 
cording to claim 2, characterized by said electrically 
conductive grindstone (1 ) consisting of grains made 
of diamonds or CBN and an electrically conductive 
bonding part fixing the grains. 

4. An apparatus for profile mirror surface grinding ac- 
cording to claim 2, characterized by said disc-like 
shaping electrode (4) comprising a electrically con- 
ductive part and a semi-electrically conductive part. 

5. An apparatus for profile mirror surface grinding ac- 
cording to claim 2, characterized by said semi-elec- 
trically conductive part of the disc-like shaping elec- 
trode containing diamond grains. 
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